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^ c File- USPT Jan 18, 1994 

L6: Entry 1 of 5 fiie. u&fi 

DOCUMENT- IDENTIFIER: US 5280042 A 

TITLE: Disinfecting and sanitizing compositions 



Chemicals, now available, that can be used for inactivating 
GiSrdia c^sts include ozone, rhiorinp dioxide., elemental 
iodini, fLe chlorine, chloramine and quaternary ammonium 
cSmpouAds. However, these chemicals are either ^^^^^^^J' ^ 
corrosive, highly reactive, and/or toxic. Some of these agents 
a?e incon^eniint for decontaminating water under field 
conditions while other agents are unsuitable for ^ . , 
decontaminating contaminated raw vegetables. These chemicals 
are undesirable and inconvenient for hand or skin 
decontamination . 
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File: USPT 



Mar 9, 1993 



DOCUMENT- IDENTIFIER: US 5192459 A 
TITLE: Sterilant compositions 



U^r^Pat No 2,988,514 discloses an aqueous acidic bleaching 
bath having an acid pH of 1 to 7 «hich consists of water, a 
water-soluble metal chlorite selected from alkali metal 
chlS^ites and alkaline earth metal chlorites and at least one 
of certain polyamines to prevent evolution of rhlonne dioxide 
gas. 

US 'pat No. 3,585,147 discloses aqueous solutions containing 
stabi!?zed rhIoHnP dioxide gas dissolved therein the form 
of an alkali metal chlorite at a pH between about 7 and 13 and 
SdaSed to release rhinrinp dioxide upon acidification to a pH 
Sf less than about 6 and having present therein a chloride of a 
metafse^eSSed from alkali metal and alkaline earth metals m 
an amount sufficient to increase the release of chlnrxna 
H-inyide from the solutions. 



191 discloses the formation of 



BSPR * 

Finally, U.S. Pat. No. 2,071,OL- 

" h?^:^; HinvidP solutions by acidification of chlorites of 
alkali and alkaline earth metals. 
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^ ^ _ T?iTf=- USPT Dec 26, 1989 

L6: Entry 3 of 5 File, ubfi 

DOCUMENT- IDENTIFIER: US 4889654 A . ^- ^a^^ 

TITLE: Aqueous foam disinfectant containing chlorine dixoide 
and preparation and use thereof 



A^^aqueous solution, preferably an aqueous disinfectant 
sSlu?ion, containing rhinrine dioxide and which is capable of 
lormiig a foam, and methods for the P^^P^^^tion and use 
thereof. An aqueous disinfectant solution capable of forming a 
foam is prepared by adding a foaming agent, i.e., a ^uitacie 
sS?factant? ?o watL. chlorine dioxide may then be added to the 
solution or it may be generated in situ by reacting an 
oxldiz?Sg Sgent? a cationic exchange resin in the acidic form, 
o? ai iSid with a metal chlorite dissolved therein. The 
JesStSnt foam solution may subsequently be foamed by being 
mixed with air in a foam generator. The foam solutions of the 
TSant invention are useful as cleaning and/or sanitizing 
agents . 

?hf use of rhiorinp dioxide in many disinfection applications 
is growing widely because of its superior bactericidal, 
spo?IcIdSl, fungicidal, and viricidal properties as well as its 
extremely fast rate of disinfection. The use of rhiorine 
SSdl in a foa system would greatly enhance the art of 
sanitizing . 

p?ior to this invention, the use of rhlorin^ dioxide , in foams 

foam cleaners for the disinfection of microorganisms wa not 
kL5r ChlSS^LiiDxide is irritating and has a very noxious 
odSr at con^intrations as low as 0 . 5 ppm in a water system 
Sog^o^er? ohWine dioxide does not -dergo hydrolysis so its 
irritating and noxious properties persist. It was previously 
^height ?hat it was impossible to use rhlonno dioxide m an 
aaSeous foam system at relatively high rhlonnp dioxide 
Concentrations since its strong, unpleasant odor when dissolved 
in Sa?er makes it impossible to spray at concentrations 
iecessary to achieve sanitization in, for example food 
p?ocessi^g plants where personnel are working in the close 
vicinity. 

Sher reason that chlorine dioxide has not previously been 
uSed in a foam system at relatively high rhi ori /li oxi de 
cSncei^rStions is that it is such a strong oxidizing agent that 



1 of 13 



7/22/01 12:02 AM 



^. , ^ http//westbrs:8820/bin/gate.exe?f=doc&..._2=&p_doc_3=&p_doc_4=&p_doc_5-&p_dc)c_6= 
Record Display Form " *^ 

it was thought that it would destroy or break d^^^/^e organic 
compounds that make up the foam generating chemical. Another 
5eason that rh^--^r.^ r^.nviHP. has not previously been used in a 
?oam System is that it was thought that the rhlonnp dioxiciP . 
wouTd undergo rapid degradation and lose its disinfectant and 
biocidal properties. 

Surprisingly, the use of rhlorine di oxide in a foam system in 
accoJdaSSl with the practice of this invention, does not result 
t^anv ShLJiL-dioxide odor at relatively high concentrations 
ip ?7l2So ppm Mi?2over, it does not destroy the organic foam 
generating compounds. In effect, if formulated correctly, the 

H^ov^H. foam solution of this invention 
ind produceCa foam of exceptionally high quality. In addition, 
S has been found that rhinrinp dioxide in foam solutions is 
iery stable and remains potent as a biocide for up to at least 
72 hours or even longer. 

BSPR ' 

The term "foam solution" as used herein means an aqueous 
diJinfectant solution containing a foam generating chemical and 
which iS capable of producing a foam when mixed with a gas such 
:s Sr'in? ?or exampL, a foam generator The f-m generating 
chemical is typically one or more surfactants. A suitable 
2u?fac?ant may be cat ionic, nonionic, or anionic, as long as it 
is cSb?e of forming an aqueous foam. The choice of surfactant 
is Si?hin the skill of the art. The disinfectant is primarily 

?hree well known reactions for generating rhlorin^ dioxide from 
sodium chlorite are as follows: 



Equation (1) exemplifies the generation of rh nnn^ dioxide by 
the action of an Oxidizing agent, i.e., chlorine, on a metal 
ch!o?ite? i e . , sodium chlorite. Equation (2) exemplifies the 
qeneJitiin of rhl-^- H^nviHe by the action of an oxidizing 
Sd i e , hypochlorous acid, on a metal chlorite. Equation 
D) illustktIS the production of rhinrinp dioxide by the 
action of an acid, i.e., hydrochloric acid, on a metal 
?wi??te It will be understood that the above reactions are 
Sot limited to the metal hlorite, oxidizing agents and acids 
i?lustrated and that the choice of reactants is withm the 
skill of the art. 

Ifmeans of the foregoing reactions, rhinrinp dioxide may be 
obtained by, for example, use of a commercially available 
;.i;^?;^ .TA.ide generator and dissolved in the foam solution. 

ly.\r.-rlr.^ ^^^^ generating apparatus is described in U S. 
Pat NO 4 , 247 ,531 .Alternatively , rhlorin^ dioxide may be 
g;nera?ed in the foam solution via one of the above reactions. 

BSPR • ^ 
U.S.' Pat. NO. 2,3 92,93 6 discloses aqueous oxidizing foam 
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solutions which are taught to be useful in decontaminating 
areas contaminated with, for example, noxious or poisonous 
chemicals. The disclosed aqueous foam solutions contain a foam 
qeSera?ing soap and an oxidizing agent such as sodium chlorite. 
?t Jidis^losed that the foregoing solution may be acidified by 
the addition of hydrochloric acid to a pH of about 4. It has 
been foind that when the pH of such a solution has been lowered 
to about 4, only about 0.5 percent of the sodium chlorite is 
converted to rhlnrine dioxide . 

BSPR ' 

The instant invention provides an aqueous foam solution, 
nreferably an aqueous disinfectant solution, containing 
g^?^;?^^ H^nvidS as the disinfectant. Such foam solutions are 
capable, when mixed with a gas such as compressed axr, of 
forming stable foams. Moreover, the foam solutions of this 
indention are stable, retaining disinfectant and biocidal 
properties for 72 hours and longer. In addition the foam 
Solutions and foams derived therefrom do not exhibit the 
noxious odor of rhlorin^ dioxide, even at relatively high 
r^hioTinP. HinyidR concentrations. 

It is therefore an object of this invention to provide a foam 
cleaning and disinfectant solution that utilizes rhlnnne 
flinyide as a disinfectant. 

BSPR • 

It is another object of this invention to provide a rhlonnft 
Hio^-ide foam solution that utilizes rhlnrin^ dinxide in 
relJlively high concentrations with little or no noxious odor. 

BSPR * • J 

It is still another object of this invention to provide a 
^ y,]^r^r.^ H^ov^de foam solution where the rh1 ori rli oxi dp . 
Remains stable and retains its disinfectant and biocidal 
properties over a long period of time. 

BSPR ■ n 

It is yet another object of this invention to provide foam 
solitioSs containing concentrations of rhlorin^ dioxide , above 
about 1500 ppm in situations where personnel are not exposed. 

Another object of this invention is to provide a ^-hlnrine 
Tr.lTZ. foam solution that allows flexibility m the type of 
foam cleaning accomplished by choice of a high pH foam or low 
pH foam. 

Still another object of this invention is to provide a rhlorine 
Ii^ ?oam solution wherein the r^hlorine. dioxide is generated 
in the solution by the action of an oxidizing agent on a metal 
chlorite dissolved in said solution. 

BSPR* ■uT 

Yet another object of this invention is to provide a rhlnnne . 
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^invndR foam solution wherein the rhlnrine (ii oxide is generated 
in the solution by the action of a cationic exchange resin in 
tL aciSc fo?m on a metal chlorite dissolved in said solution. 



?t is still another object of this invention to provide a 
^ ^1^;.'^ ntniid. foam solution wherein the rhlonnp dioxide is 
qen2^I?ed in the solution by the action of an acid present in 
InSmSuSt sufficient to lower the pH of said solution below 
aSout 3 7 on a metal chlorite dissolved in said solution. 

?hrforegoing and other objects are accomplished J^e 
Practice of this invention. Broadly, viewed in one of its 
nSScioSl aspects, this invention consists of an aqueous 
SoiStion hiving disinfectant properties and the capability of 
forming a stable foam, said solution comprising ^ maDor 
n?oDortion of water having dissolved therein an effective 
amoSnt o? a foam generating agent and an effective amount of 
! ;°;;!^?.rH?..^ i^ ^.v^o^^^r. ..^H rhinrinp diox de may be generated 
ouislie the Solution and subsequently dissolved therein or it 
mav be generated within the solution by the action of an 
oxidizing Sgen? or a cationic exchange resin in the acidic form 
on a mSIl chlorite dissolved in said solution, or it may be 
aSn2ra?ed within the solution by the action of an acid present 
fnSn amount sufficient to lower the pH of said solution below 
about 3.7 on a metal chlorite dissolved m said solution. 

BSPR ■ 

1 An aqueous disinfectant solution comprising a ma: or 
DropSr?ion of water, an effective amount of a foam generating 
aaen? ind an effective amount of rhlnrinp dioxide is mixed 
wi?S ; gSs ?n a foam generator to thereby form a disinfectant 
foam; 

^hfinstant invention thus provides an aqueous solution having 
HiQinfectant and biocidal properties and the capability of 
?o?m?nra ?oam as well as a mSthod of cleaning and disinfecting 
a sur?Sc2 in neJd thereof by contacting said surface with said 
disinfecJai? foam. The invention is characterized by the use of 
^ ^?i;-;f5?ov'de as the disinfectant. The disinfectant foam 
^oluMSns of the invention are stable, with the rhlonne 
I?iSdI ?e?aining its disinfectant and biocidal properties over 
?iS^rIodS Sf ?ime. Moreover, the foam solutions and foams 
derived therefrom do not have the noxious odor of chlorine 
H-iov-idP even at relatively high rhlonne dioxide _ 
^JSSS^a^Ion. in addition, the disinfectant foam solutions of 
the invention arecapable o£ forming stable foams. 

BSPR" 1 
The instant invention provides for continuous or batch 
processes for the production of aqueous disinfectant foam 
Qolnfions containing an organic foam generating agent, 
??i^ci??y a su?fSc?Lt, and rhlnrinp dioxide. The solutions may 
aEo ?onLL vLious organic or inorganic penetrants, solvents, 
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additional detergents, couplers, and cleaning compounds to 
Enhance the disinfection and cleaning capability of the foam. 

^he^foam solution of the invention may be prepared by 
Generating the ^h1— -° Hno^-iH^ outside the solution and 
lubIeSuen?ly dissolving it therein. The rhlorino dioxide may be 
obtStned by use of a commercially available on dioxide 
qenSrator Lch as that disclosed in U.S. Pat. No. 4 247,531_ 
?hr^hl2rina^iioxide may alternatively be obtained by use of a 
^g;,,^? :-;::rH^ ovn solution or by use of rhlorine 

^iS^-?eleas2ng chemicals . Foam solutions where the rhiorine 
[^^^^•hS is prepared outside the solution and subsequently added 
may be either acidic or basic. 

?hrfoam solution of the invention may be an acid-coupled foam 
lolulTon containing approximately 2% to f°f20% by weight of 
inorganic acid, preferably about 4% to about 14^ by weight of 
inorganic acid Sbout 1% to about 15% by weight of foam 
g2ne?ating agent; and about 1% to about 20% by weight of 
cleaninq and disinfection enhancement compounds such as 
penSrSntS, solvents, and alkaline cleaners. In an acid-coupled 
foam solution, the foam generating agent is an anionic 
'sS??ac?ant such as an organic acid in ^he free acid form and 
coupled with an inorganic, or mineral, a^^^- . acid coupiea 
foam solution is mixed with a solution containing about 1. to 
about 25% by weight of a water soluble metal clorite, 
oreferably about 10% to about 15% by weight of metal chlorite 
in sSch a ratio of acid-coupled foam solution to metal chlorite 
sSlutiSn'afto provide a final solution having a pH below about 
3 7 to thereby obtain about 10 to about 1500 mg./l. of rh I nrine 
klxSe aSd preferably about 15 to about 500 mg./l^ f^J^^ 
A\rZ\^ in the foam solution. It is critical to the practice ot 
thii in vention that when rhlorin^ dioxide is generated in the 
aqieoiS foam solution by the action of an acid on a metal 
chlorite dissolved in said solution, the pH of the final 
solution be below about 3.1. If the pH is above about 3 7, only 
Sn insignificant amount of metal chlorite is converted to 
Jhli?iirdiQxid£ It is preferred that the pH of the final 
solutlSn be wigh ln the range of about 1 to about 3.5, with a pH 
of about 2.5 being most preferred. 

?hrfoam solution of this invention may alternatively be 
alkaline. Such alkaline foam solutions ^^^^ain about 2^ to 
about 20% bv weight of foam generating agent, about 1^ to about 
?0? by w;ight of a caustic material such as sodium hydroxide, 
and about ?% to about 20% by weight of disinfection and 
SeaSnq enhancement compounds. The alkaline foam solutions 
nr^ferablJcSntain about 5% to about 15% by weight of foam 
aene?a?inq SgSn^ about 5% to about 12% by weight of caustic 
mS?eSaiaSd about 4% to about 14% by weight of disinfection 
and clJaAing enhancement compounds. This solution is added in 
an amount of about 0.01 to about 5.0 oz . per gallon, preferably 
aSout 0 05 to about 2 . 0 oz . per gallon to water containing 
about 10 to about 1500 mg./l., and preferably about 15 to about 
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500 mg./l-/ of rhiorine dioxidft. 

It is Within the scope of this invention to generate the 
^y^^^r^r.. HSovidf. in the foam solution. An aqueous solution 
contlining a foa m generating agent and a water soluble metal 
chlo?i?i may be related with an aqueous solution containing an 
acid in an amount such that the final solution has a pH below 
about 3 7; it may be passed through a column containing a 
cationic exchange resin in the acidic form, or it may be 
?Jac?2d w!th an oxidizing agent such as chlorine or a solution 
cSStatning an oxidizing Scid, e.g., a solution containing an 
acid and a water soluble metal hypochlorite, i.e., a 
h^io^h^Srous acid solution. The water soluble metal chlorite is 
p^Sferably an alkali metal chlorite such as lithium chlorite, 
sodiSm chlorite, or potassium chlorite; or an alkaline earth 
metarchlo?Jte ^uch as calcium chlorite, magnesium chlorite, or 
barium chlorite. The acid may be a mineral acid such as 
hydrochloric acid, sulfuric acid, or boric 

organic acid such as oxalic acid, acetic acid, or citric acid, 
or it may be an acidic salt such as sodium bicarbonate, 
potassTum dihydrogen phosphate or sodium ^i-Jjlf ^t^l 
any combination of the foregoing acids provided the final 
solution has a pH below about 3.7. Examples of cationic 
exchange resins are commercial cationic exchange _ resins m the 
IclTfoL. The water soluble metal hypochlorite is preferably 
II alkali metal hypochlorite such as l^^hium hypochlorite 
sodium hypochlorite, or potassium hypochlorite; or an alkaline 
earth metal hypochlorite such as calcium hypochlorite, 
magnesium hypochlorite, or barium hypochlorite . The metal 
hypochlorite is reacted with a mineral acid such as 
h^?ochloric acid or an organic acid such as acetic acid to 
form hypochlorous acid. 

When^a foam solution of this invention is prepared as described 
abSve the resulting solution may contain chlorous acid and 
ch?o?ite ion in addition to rhlorinp dioxide. Chlorous acid and 
IhloAte ion are beneficial as biocides and foam solutions 
containing them are within the scope of this invention. 

BSPR • • u 

in any event, the foregoing solutions are reacted in such 
ratios and ubsequently diluted to yield a foam solution 
cSntSining abou? 10 to about 1500 mg./l. of rhi ori _ di oxi dfi 
anf pr2f2?ably about 15 to about 500 mg./l. of rhlnrine dioxide 
Snd Shich issuable ove at least a 72 hour period while 
detaining its foaming ability and rh1orin>- dioxide , content. 

?hraqueous solution containing foam generating agent and metal 
ch!orite may also be reacted with an oxidizing agent such as 
bromine or preferably chlorine to thus generate rhlonne 
/,nl^T. il the foam solution. The solution of foam generating 
rS^rSnd water soluble metal chlorite broadly ^^^J^^f °f 

1% to about 20% by weight of foam generating agent about 1^ to 
about 15% by weight of metal chlorite, and about 1^ to about 
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90°- bv weiqht of cleaning and disinfection enhancement 
co;poLds^^Preferably, tL solution --^jj-.-^S^^.^^J^^S.irby 
15% by weight of foam generating agent, about 3« to about Bo oy 
ielghlof metal chlorite, and about 5% to about 15% by weight 
of disinfection and cleaning enhancement compounds. The 
solutloS offoam generating agent and metal chlorite is brought 
toqether with chlorine in a prereaction column and is 
SSbseqSently diluted with water to the desired concentration. 
?he Jeactants are brought together in such a ratio as to 
nrSvidJ a StSble foam Solution containing about 1 to about 1500 
%n ot^Lris^^-^iD^i^ and preferably about 15 to about 
5?0 mg./l. of chlorine dioxide. It has been noted in water 
treatment that sometimes the use of ^^ilorin^ ^^^^^f ^^g^^^ 
combination with chlorine is superior to the use of either 
se^rSLly, so for some applications it -f^^^f 
excess chlorine to the reaction mixture. Thus, it is , ^. 
!SS!ntaSeous in certain applications to have the foam solution 
con?ain^S to Sbout 500 mg VI • of chlorine, and preferably up 
to aboSt 250 mg./l. of chlorine. As described above, in this 
e^od?men? whe?e an oxidizing agent such - ^^lorine is used 
the water soluble metal chlorite is preferably an alkali metal 
chlorite or an alkaline metal earth chlorite. 

Examples of disinfection enhancement agents used in the foam 
solutions of this invention are penetrants such as the tree 
acid fo?ms of phosphate esters and sodium hexalene sulfonate 
that enhance the ability of the rhlnrinp dioxide to penetrate 
slime layers and give a more complete kiii. 

f foam solution was prepared by adding 0.75 fluid ounces of a 
foam aenerating agent comprising a linear alkyl sulfonate, 
sodTum xylene sulfonate which is an ionic -nonionic coupler, 
sodium SiSlene sulfonate which is a penetrant and sodium 
hvdroxide to 1 gallon of water containing 150 mg./i. ot 
%^l°JilTaTn.]al . rhinrine dioxide concentration was measured 
bv amoermetric titration as described in "Chemistry in Water 
ReuSe " Chapter 21, by Roberts and Aieta. The rhlonnp dioxide . 
?Sam ;olSt?on was ^he^ passed through a booster pump at a rate 
o? flow of 3 gallons per minute (gpm) under a pressure of 60 
psiaAf?er parsing through a check valve in the line, air was 
addid at 60 p2ig to the foam solution to form a foam spray A 
? 200 cubic \ool room was sprayed with the foam which was left 
in Dlace for 5 minutes. A total of 8,516 mg. of chlorine 
^LS^ shoSld have been released into the room, -suiting in 
n 1 ? nnm of ^ hlnri^"- ^io^ide in the air, an amount that should 
haie geen easily ietecieS by odor. There was no detectable odor 
of rhi^-^-i^e H-iovidp. in the room. 



The above experiment was repeated with foam solutions 
containing various concentrations of rhlnnne dioxide up to 
?2So mg A Sf_i:lilnrin^-^iioxid£. The results were the same as 
those Obtained using 'hefoim solution containing 150 mg./l. of 
rhlorine_dio2cid£. It should be noted that 1200 mg./l. ot 
SSSi^IdSSS was chosen as the practical upper limit in the 
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foregoing experiments due to economic considerations, not 
because of an odor problem. 

A^^Sioriii£_diQxid£ foam solution was prepared by passing 10 
pa^trb/volume of an acidic foam concentrate containing 78.99 
nSrcent by weight of water, 13.7 percent by weight of 
dodScyibenzene sulfonic acid, and 7.31 percent by weight of 
nonvlphenoxypolyethanol through a prereaction column with 1 
Sa?t by vol^Se of a 15% by weight solution of sodium chlorite. 
?he resultant solution had a pH below 3.7. After passing 
through the prereaction column, the foam concentrate was 
diluted with water in a ratio of 1 part by volume of 
concentrate to 125 parts by volume of water resulting in a foam 
so?Stion containing 70 mg./l. of rhlorin^ dioxide , ^^f, i° ,^9- 
of chlorous acid. The foam solution was then passed through the 
?oa?gene^ator described in Example ^-d the resultant foam 
^craved onto a can palletizer and feed belt. Both the 
paUetizS? and the feed belt had a heavy mold covering that had 
been previously treated with a solution containing 5000 mgVl- 
of Sodium hypochlorite without success . The chl^xina^ixQXide 
?oam was lef? in contact with the palletizer and fj^^jDelt for 

5 m?nu?es, resulting in a complete '^iit^L^d'from the affected 
was iudged by the ease of removal of the mold from the attectea 
suJficel? and by before and after regrowth of molds judged by 
plates taken. 

A^Siorin^^iioiJide foam solution was prepared by passing 10 
nartsbv volume of an acidic foam concentrate containing 56.35^ 
gy'weight of'wSter, 14.03% by weight of dodecylbenzene sulfonic 
arid 7 8% by weight of nonylphenoxypolyethanol , 1-72^ i^y 
weight of hexamethylene glycol, 2.45% by weight of sulfuric 
acid and 1.65% by weight of sodium xylene sulfonate through a 
?eact?Sn column with 7.5 parts by volume of ^ 
containing water, 14.8% of sodium chlorite, and 2.2^ sodium 
hexalene Sulfonate. The resultant solution had a pH below 3.7. 
tIb foil concentrate was subsequently diluted with water at a 
r^^Jio of 128 parts by volume of water to 1 part by volume of 
Sam cSncen?r^?e, reLlting in a rhmrine -^^^^^^g .^g^f j^^^^fi^^" 
of 145 mg./l. and a chlorous acid concentration of 325 mg./l. 
?he foam solution was passed through a foam generator as 
described in Example I and the resultant foam was sprayed onto 
a cemenrwall with a heavy slime buildup. The foam was allowed 
?o Remain ?i contact with the wall for a ten minute Per-d^ The 
wall was then sprayed with water to remove the foam . Complete 
slime kill down to the bare cement was achieved. 

?hf foam solution of Example III was again Prepared this time 
havina a -hl-rin^ Hinvide concentration of 147 mg./l. ana a 
chIi?ouS iciSiSncei^Jition of 310 mg./l. The foam solution was 
passed through a foam generator as described in Example I and 
the resultant rhlorinp dioxide, foam was ^^^^^^ J, . JJ^J^g Both 
consisting of a sump with cement ^^fl^/J^^/f ^^J^es of mSld 
walls and fixtures were covered with 1/8-3/8 mcnes or luuiu 
Tgeotr?Shum' aspergillus niger) . Plates were taken on five 
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Sites in the area before the beginning of the test to quantify 
tie viability of the mold. Sites one and two were treated with 
a ?oIm silition containing 483 mg./l- of chlorine Sites three 
Ld SSuJ were treated with the foregoing rhmrin^ 'I'^r'n'^L /T 
Solution containing 147 mg./l- rhiorinp dioxide and 310 mg./l. 
chlorous acid. Site five was selected as a control ^^th 
??eatment of a non-biocide bearing foam. The foam solutions 
we?e anowSd to stand for five minutes, and were then rinsed 
Tilt potable water to remove the foam. Plates were then taken 
at all sites. After incubation the plates were evaluated for 
mold groitS All sites except for site 5 showed a reduction in 
mSld Sowth. The sites treated with rhinrine dioxide bearing 
foam Ihowed significantly less growth than the sites treated 
till the chlSrine bearing foam. Immediately after completion of 
the first test, site 1 was again treated with a foam bearing 
48? mg A. chLrine, siteS 2, 3, and 4 with a foam bearing 
147 mg./l. of rhinrinp dioxide and 54 mg /I. of chlorite ion. 
Site 5 was again chosen as a control, and treated with a 
non-bLcJdal^foam. Again plates were taken and incubated and 
Evaluated The s.ites treated with rhlonn^ dioxide in both 
?lSts (Jites 3 and 4) showed the least growth followed by site 
2, site 1, and site 5 in increasing order of growth. 

?f accordance with the teaching of U.S. Pat. No. 2,392,936, 
62 fg of 10 weight percent of technical sodium chlorite 
solution, 31.75 g of foaming agent (10 weight percent of 
dodecJ?b4nzene sulfonic acid in water with enough sodium 
hydroxide added to give a pH of 6.5-7.0), and 0.75 ml^ of 35o 
hvdrochloric acid were dissolved in water. The resultant 
nyarocnioi±^ ranae of 3.7-4.0. The solution was 

:?iowed\S react fo? 15 mSu?L and then analyzed in accordance 
wltSthe procedure of Aieta, Roberts and Hernandez, AWWA 
JOURNAL volume 76, No. 1. (January, 1984). It was found that 
0 S of 'the chloride ion was converted to rhlnrinp dioxide 
24 ;% was converted to chlorate ion, no chlorine was formed 
and 72 3% of the chlorite ion remained unchanged. The balance 
was presumed to have been converted to chloride ion. 

?f contrast to the above and in accordance with the practice of 
this invention, 5 parts of an aqueous solution containing 
^4 03% o? doSecylbenzene sulfonic acid, 7.8% of a phosphate 
ester ?.72% of hexamethylene glycol, 2.45% of hydrochloric 
Scid and 3.86% of sodium xylene sulfonate was reacted with 1 
par?'o? a solution containing 18.5% of technical sodium 
chlorite, 2.2% of sodium xylene sulfonate, and 79 3^ of water. 
5he resultant solution had a pH of 2 . 3 . The solution was 
allowed to react for 15 minutes and analyzed J^^I^ • 
found that 48.5% of the chlorite ion was converted to ^^T^or^ne 
HnnvirlP. 11% was converted to chlorate ion, and 28 3^ remainea 

unreacted. The balance was again P^^^^^'f ^^y^^^^J^^tice of 
converted to chloride ion. It is seen that by the pr actice ot 
this invention, the conversion of metal ^^lorite to chlorxne 
Hinvide by the action of an acid is approximately 100 times 
greater than that achieved by the method disclosed m U.S. Pat. 
No. 2,392,936. 
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^h^resultant solution was diluted in the venturi at a ratio of 
lol-fwith Sate?. Eighty-nine percent of the chlorxte xon feed 
ias'conte^t^d to r^^nril^ riioxici., ^ ' f ^^^mS/r' 

6.5% remained unreacted. This ^^^^^%''''f^''Zan clo suh 2 - in 
rin C5ub 2 11 0 mg/1 CIO. sub. 3 -, and 12.7 tng/1 CIO. sub. ^ m 
the 1ina?' foam solution. The final pH of the foam solution was 



11.4 . 

DEPR: 



one part of a solution containing 49 grams/L NaOCl was educted 
with one part of a solution containing 95 grams/1 NaClO sub.2 
tirSugS a'^column with a hydrogen ion bearing nation exchange 
resin^ The contact time allowed in the column ^^^^f 
seconds. The resultant solution was diluted 1 part to 22 parts 

of Sa?er and with 1 part of a solution ^^^^^^^-^^^13^^^^% 2 1 
linear alkyl sulfonate 9.59%, hexalene glycol 6-93^. 0.32c 
1-Ptrasodium ethvlamine-diamine tetra acetate, 5.04« or a 
phosphate esJer'^and 2.5% sodium hydroxide, ^he resulting foam 
solution contained 199 mg/1 CIO. sub. 2, 65 mg/Cl.sub.2 and 74 
mg/1 Chlorite ion. This corresponds to a 71% conversion of 
chlorite to rhinrinfi dinxide. 

?hus' this invention provides an aqueous solution having 
disinfectant and biocidal properties and the capability of 
fo?m?ng a ?oam as well as a method of cleaning and disinfecting 
^^urflce in need thereof by contacting the surface with said 
Sisinfec?aiS Toll. The invention is characterized by the use of 
ti^^^f^TTr^JZ as the disinfectant. The rhlnri tip di oxi de may 
be prepared in a commercially available rhlnnne dioxide 
aenera?Sr and dissolved in the foam solution. Alternatively 
ghe chWinP dioxide may be formed in the foam solution by the 
reaction of rhlorine dioxide-releasing chemicals. The 
disinfectant foam solutions of the invention are stable, with 
?SrS!2^iSLiiWde retaining its disinfectant and biocidal 
nrooerties over long periods of time. Moreover, the foam 
SoJStlois anSfoams^derived therefrom do not have the noxious 
of -no H-invirip. even at relatively hig n rn i nrine 

cSncentratlCns i n addition, the foams formed from the 
^^cctlnl folra solutions of this invention are surprisingly 
stable . 

^^''a process for disinfecting a surface comprising preparing a 

foam having substantial amounts of -^^-^i:; ' 2%olm^' tL ^^Lorine 
entrained therein, wherein upon °f ^he foam the cill^^ 

Hinvidp aas entrained therein is intended for cleaning, 
disinfe cting Sr deodorizing purposes, the process comprising 
?Se 2tJps Sf providing an Iqueous solution including an acid 
foam concentrate, a flam coupler, a surfactant ^^^^^l^^^^^^ 
wherein a stable mixture is formed having a pH of approximately 
7 7 or lower combining the stable mixture with an alkaline 
chIo?Ite ?e^tion^chamber, thereby internally generating 

H?o;^de gas within the _ stable -j-^ure at a relatively 
high conversion rate, pressurizing the stable mixture, and 
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iniecting air into the pressurized stable mixture to form a 
fSm thireby substantially maximizing the production of 

H?ov-irlP is substantially stable over an appreciable time perioa 
fifSfective cleaning, disinfecting or deodorizing purposes, 
and whe?eii no significant amount of chlorine gas or chlanne 
and Y^erein n g ^ ^ fo^^ to the adjacent 

tiSSSmS? during 52e of the foam; the disinfecting foam being 
SnoweHS remain^n contact with said surface for a period of 
?ime sufficient to allow cleaning and disinfecting thereof. 

8^^A process for disinfecting a surface comprising preparing a 
foam hav?Sg of -h1-^- h^qv^Hp. gas entrained therein, wherein 
uSon nil of the foam the rh1 ori tip di oxi de gas entrained 
the?eir is intended for cleaning, disinfecting or deodorizing 
ou?oosSs the process comprising the steps of providing an 
C^SSs Solution including an acid foam --^^^^ J' ^J^^^J^ 
coupler, a surfactant and an acid, wherein a stable mixture is 
fS^Sid having a pH of approximately ^ • ^ or lower ; wherein the 
foam rouDler comprises an organic foam coupler seiectea rrom 
tSJaJSu? consisting of free acid and salt forms of phosphate 
es?e?s ?r?e?Sinolamine, alkoxylated lanolin and sodium xylene 
su^foS^teSnd wherein the surfactant is selected from the _ 
g^oup coS^iSing of anionic, nonionic, ^^^^f J , ^^JJ^" 
SurfLtants; further diluting the ^^^^^^^^ f ^1^^^?^ V^f ^^f 
combining the stable mixture with an alkaline chlorite and 
ed^tiig the combined mixture into a reaction chamber, thereby 
!nterially generating .hinrine dioxide 9- within the stabe 
mixture at a relatively high conversion rate; J^^^^J^^f ^^^^ 
formina a foam solution containing about 1 to about 1500 mg/i 

to the adjacent environment during use of the foam; the 
^?c,infectinq foam being allowed to remain m contact with said 
si^fScefo?^ period of time sufficient to allow cleaning and 
disinfecting thereof. 

9^^A process for disinfecting a surface comprising preparing a 
fA.m hivinrchlorina_diDxid£ gas entrained therein, wherein the 
foJm ifinge ndlSlSr clCaniS g^ disinfecting or deodorizing 
pS?posesth2 process comprising the steps of providing an 
aqSeous so5u?ion, dissolving rhlorin^ dioxide gas -nto the 
Aqueous solution, adding at least one ^^^^^^^ ^ ^^^^^^^^^^^^ 
the aqueous solution, said organic f o^"^^^°^Pl;j f^^^ selected 
from the group consisting of free acid and salt forms or 
phoSphate^estLs, triethanolamine alkoxylated lanolin and 
sodium xylene sulfonate, adding : ^° " 

weight of at least one ^^g^nic solvent into the aqueous 
solution the organic solvent being selected from the group 
cSisis??;g of hexalene glycol, castor oil' ^^hylene glycol 
polymers, and short and medium length alcohols, adding at least 
oSe'^Srf^cJant to the aqueous solution, the surfactant being 
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c.c.^^ntf^d from the group consisting of anionic, nonionic, 
cStiSc anS amphoteric surfactants, and forming a foam from 
^h^^SiSoursolution by pressurizing the aqueous solution and 
introducing compreSsed'^air into the aqueous solution wherexn 
the amoSi? of ^h1-^- r,,r..^c^.. gas entrained in the foam is 
tne amount ^, ^'y' qq niq/1 and constitutes the active 
Saredien? ?hereii whe?eln the r^hlorin^ rii oxide, gas entrained 
tn^Jhef Sam solution is substantially stable for at least 
in the toam soiuuion effective cleaning, disinfecting or 

d?So?i:?ng'^urposes:%here?"no significant amount of .hlorin. 
ntoyTde gas is liberated from the foam to the adjacent 
fi^SoSmlnt during use of the foam, and wherein the odor of 

H-nvidP, las is not detected at concentrations up to 
^nn^oiiLtelv 1200 ppm of rhl^r^-^ H^nvide gas m the 
SSssSTzed foam; the disinfecting foam being allowed to remain 
?n?Sntact with s;id surface for a period of time sufficient to 
allow cleaning and disinfecting thereof. 

Jo^^The process of claim 9, wherein the rhlorine dioxide gas is 
generated externally of the aqueous solution and is 
subsequently dissolved therein. 

\ process for disinfecting a surface comprising preparing a 
foam hS^iSrShlorin^^iioxide gas entrained therein wherein the 
foam is intended for cleaning, disinfecting or deodorizing 
nSrSoses the process comprising the steps of providing an 
^qSeSSs solution, entraining nhlnrine dioxide in the aqueous 
solution, adding at least one organic foam coupler to the 
aaueois solution, adding at least one organic solven to the 
lalTons solutiSS addini at least one surface active agent to 
?ge aqSeoSi soiSkon, wherein the pH of the aqueous solution is 

ow dH 3 7 and wherein the step of forming the foam _ 
rnmnrises pr4sSSriziSg the aqueouS solution and the introducing 
cSSeSsed^i!? into the aqueous solution, such that the amount 
o?!SlS5ine!diDxide entrained in the foam is about 1 to about 
i Lomg/l and Const itutes the active ingredient therein 
iherein the pressurized foam solution is substantially stable 
o5er a? ^eLfSpproximately 72 hours for effective cleaning 
disinfecting or deodorizing purposes, wherein no^^^^^f^^J^t 

Hnnvide or chlorine gas is liberated from 
?Sr?Lm to the adjacent environment during use of the foam 
and wSSrein the odor of rhlorin^ dioxide gas is not detected at 
cSncen?rSt?ons up to aproximately 1200 ppm of rhlonnp diox de 
in tSS Sam? the'^disinfecting foam being allowed to remain in 
cSntact with said surface for a period of time sufficient to 
allow cleaning and disinfecting thereof. 

orocess for the preparation of a foam having chlorine 
^L^'gas entrained ?he?ein, wherein the foam is -tended for 
'\\l^r^^r^a disinfecting or deodorizing purposes, the process 
compSiSi^g the steps of providing an aqueous solution having at 
leas^oiS surface active agent therein, entraining rhiorine 
^S£d^ gas in the aqueous solution wherein the amount of 
: ;y:.:V::.^H^ovSdP gas entrained in the aqueous solution is about 
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1 to about 1500 mg/1 and constitutes the active ingredient 
the?e?n? pressurizing the aqueous foam solution contaxning 
^ ^1nr-"° HnovndP. and adding a pressurized gas to the 
nreslurized foam solution, thereby forming the foam, and 
SheJein upon use of the foam, no significant amount of chlorxne 
aafor chlorin^^iiDxide gas is liberated from the foam to the 
SSa?ent environment wherein the rhlorinp dioxide is generated 
w?th?n thHqSeous solution; wherein the step of generating the 
^ ^^^r^r.^ ri^oSid^ within the aqueous solution comprises the 
steoiof dissolving a soluble metal chlorite in the aqueous 
solS^iSn dissolving a soluble metal hypohalite in the aqueous 
ISlutioS; prSv^ding^a reaction chamber having a cation exchange 
?esin in acid form therein, and simultaneously passing the 
JqueSus sS^ition through the reaction chamber thereby forming 
HHnvidP. within the aqueous solution leaving the 

chamber . 
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BSPU* jr 

(6) Scale adhered on an inner wall of a bleaching tower for 
bleacMng a pulp, especially a kraft pulp in a multi-bleachxng 
steps, such as five steps of a chlorination step, an alkali 
extraction step, a hypochlorite bleaching step, rhlorine . 
Hinxide bleaching step and a peroxide bleaching step, 
especially in the hypochlorite bleaching step. 
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